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ECOLOGY AND POPULATION DYNAMICS OF SCLEROCACTUS
MESAE-VERDAE (BOISSEV. & C. DAVIDSON) L.D. BENSON
Janet J. Coles1, Karin L. Decker2, and Tamara S. Naumann3
ABSTRACT.—The population dynamics of Sclerocactus mesae-verdae were documented annually in 3 plots over 20
years in southwestern Colorado. Demographic studies of this duration are rare but they are necessary to gain a more
accurate estimate of population trends in long-lived desert species. Sclerocactus mesae-verdae was federally listed as
threatened in 1979; this study was initiated in 1986 with the objective of determining whether Colorado populations
were growing, declining, or stable. Data collected yearly around 1 May included diameter, vigor, and flower/fruit counts
for 1629 stems belonging to 659 plants. We used regression analysis to estimate the mean, variance, and average population growth rate for each plot. Observations made throughout the study suggested that the cactus responded strongly to
climatic variables, especially precipitation and temperature, and that 2 of the 3 subject populations were subject to periodic
devastation by a longhorn beetle (Moneilema semipunctatum). These observations led us to attempt to correlate significant mortality (beetle-caused) or recruitment events to climate variables. We found that the cactus populations appear to
be roughly stable to increasing slightly, possibly due to several wet springs and warmer-than-average winter temperatures
since 1992. However, the warming trend also favors beetle predation, which overall presents a concern for the species’
long-term survival. We conclude that 20 years may not be long enough to clarify large-scale climate influences on the
persistence of long-lived desert species.
RESUMEN.—La dinámica poblacional del Sclerocactus mesae-verdae se documentaron anualmente en 3 parcelas
durante más de 20 años en el suroeste de Colorado. Los estudios demográficos de esta duración son poco comunes, pero
necesarios para obtener una estimación más acertada de las tendencias poblacionales de especies desérticas longevas.
En 1979, el gobierno federal clasificó a Sclerocactus mesae-verdae como una especie en peligro de extinción; este
estudio inició en 1986 con la finalidad de determinar si las poblaciones de Colorado estaban creciendo, disminuyendo o
manteniéndose estables. La información colectada anualmente alrededor del 1 de mayo incluye el diámetro, vigor y los
conteos de flores y frutos de 1629 tallos provenientes de 659 plantas. Usamos análisis de regresión para estimar el
promedio, la varianza y la tasa promedio de crecimiento poblacional de cada parcela. Las observaciones hechas a lo
largo del estudio indicaron que el cactus reaccionó fuertemente a las variaciones climáticas, especialmente a la
precipitación y a la temperatura; también que 2 de las 3 poblaciones estuvieron sujetas a una devastación periódica
causada por una especie de escarabajo longicornio (Moneilema semipunctatum). Estas observaciones nos llevaron a tratar
de correlacionar la mortalidad significativa (causada por el escarabajo) o eventos de reclutamiento con las variables
climáticas. Hallamos que las poblaciones de cactus parecen estar casi estables o incrementándose ligeramente,
posiblemente debido a las varias primaveras lluviosas desde 1992 así como a las temperaturas de invierno que fueron
más calientes de lo normal. Sin embargo, las tendencias de calentamiento también ocasionan la depredación por el
escarabajo, la cual en general representa una preocupación para la supervivencia a largo plazo de la especie. Llegamos a
la conclusión que 20 años tal vez no sean suficientes para clarificar las influencias a gran escala que tiene el clima en la
persistencia de las especies desérticas longevas.

The causes of rarity and population trends
of rare plant species have been important topics in the conservation community for several
decades (e.g., Rabinowitz 1981, Fiedler 1987,
Menges 1990, Matthies et al. 2004). Although
many studies of demographic characteristics
of rare plants have been published, most have
been of short duration (i.e., 2–5 years), and
few have considered the effects of ecological
processes on population persistence. This is
especially true of the Cactaceae, a family whose

member species suffer disproportionately from
habitat specificity, low fecundity, and habitat
loss (Godínez-Álvarez et al. 2003). Most cacti
are long-lived and occupy arid or semiarid
habitats where conditions for the establishment of seedlings occur only sporadically
(Shreve 1917, Benson 1982, Godínez-Álvarez
et al. 2003). Given these conditions, a longerterm study of population dynamics is crucial
for understanding patterns that in the shortterm might spell doom for a rare species.
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The purpose of this study was to determine
population trends and demographic characteristics of the Mesa Verde cactus (Sclerocactus
mesae-verdae) in southwestern Colorado. The
restricted range, slow-growing life form, and
generally inhospitable habitat of this species
make it vulnerable to extinction. Thus, we
attempted to identify factors that might have a
significant impact on whether this federally
listed rare plant species will persist. In an
attempt to detect longer-term variation in this
population of potentially long-lived perennial
plants, the Colorado Natural Areas Program
initiated a long-term demographic study in
1986. The study attempted to answer the following questions: (1) Are numbers of S.
mesae-verdae individuals increasing, decreasing, or remaining stable? (2) What are typical
growth, reproductive effort, and longevity
characteristics for this species? (3) What are
recruitment rates and potentially important
size- or stage-dependent life history events?
(4) What are the primary causes of mortality?
We also sought to link any observed trends in
population numbers to climatic variability and
to identify management strategies that could
improve the viability of this population.
METHODS
Study Site
Sclerocactus mesae-verdae is restricted to a
narrow belt of suitable habitat stretching from
approximately 18 km (11 miles) south of Cortez,
Colorado, to approximately 16 km (10 miles)
south of Shiprock, New Mexico. It occurs on
adobe badland soils derived from the marine
Mancos Shale and deltaic Fruitland Formation. These soils are high in salts and metals,
especially calcium, sodium, magnesium, and
selenium, and they have poor infiltration
because of their high clay content (Stillings et
al. 2005). Furthermore, the soils are classified
as vertisols because of their tendency to swell
when wet and shrink when dry, causing significant movement in the upper 10–25 cm of the
soil column (USDA–NRCS 2008).
These conditions are inimical to the growth
of most vascular plant species. Total vegetation
cover in S. mesae-verdae habitat ranges from
5% to 15% and is dominated by low-growing
species of saltbush (genus Atriplex), especially
A. corrugata, A. gardneri, and A. confertifolia.
In the rare years with high precipitation,
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annual and ephemeral perennial desert plants
create a colorful display of spring wildflowers,
including species of Phacelia, Gilia, Phlox,
Calochortus, and Delphinium.
Although there are several climate stations
in the region, none is within 35 km (22 miles)
of the study area. Data used in our analyses are
from the National Weather Service cooperative network station at Teec Nos Pos, Arizona,
approximately 35 km (22 miles) west-southwest of the study area. This station location is
most similar to the study area in landscape
position and elevation. The study area is within
the region affected by late summer monsoonal
flow, as well as by Pacific fronts in the fall
(WRCC 2009). Average annual rainfall is between 15 cm and 23 cm (6–9 inches), with half
of the total falling as rain between July and
October. Summers are extremely hot and dry;
winters are cold and also dry.
Nearly all known populations of S. mesaeverdae occupy lands belonging either to the
Navajo Nation or the Ute Mountain Ute tribe.
A few colonies occur on lands administered by
the Bureau of Land Management and the State
of New Mexico. The habitat of S. mesae-verdae
has been used since the late 19th century primarily for domestic livestock grazing, either
by sheep (in New Mexico) or by cattle and
horses (in Colorado). Other disturbances
include oil and gas exploration and development, urbanization (e.g., Shiprock, New Mexico), recreational off-highway vehicle use, and
highway and utility corridor construction.
Species
Sclerocactus mesae-verdae was listed as
Threatened under the U.S. Endangered Species
Act in 1979 (USFWS 1984). In addition to its
geographic and edaphic constraints, large
areas of unsuitable or unoccupied habitat separate populations. Within colonies, plant density is low, rarely exceeding 1 plant per 10 m2.
The reasons for listing the species as threatened included excessive commercial take and
habitat destruction (Federal Register 1979).
The descriptive information in this section
is derived primarily from observations of Colorado populations during the 20 years of the
study. Sclerocactus mesae-verdae is a small
globose cactus, rarely exceeding 10 cm (4
inches) in diameter. Although generally described as having a single stem, individual
plants frequently sprout additional stems on
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top of or next to the original stem in response
to mechanical damage. Seeds tend to fall into
cracks in the soil and sprout in clumps. Without excavating the plant, it is generally impossible to determine if adjacent stems are sprouts
or distinct plants. Every effort was made to
distinguish between seedlings and sprouts,
but some “plants” are probably groups of
closely related but not necessarily genetically
identical stems. Consequently, much of the
analysis presented herein addresses the demographics of stems rather than plants.
Sclerocactus mesae-verdae is a moderately
long-lived species, with individuals estimated
to live at least 50 years and perhaps longer
without disturbance. In our study, it typically
took 7–11 years for a seedling to reach reproductive size. Stems that originate as sprouts
from an extant stem grow rapidly and may
flower in the same year they sprout; they generally flower within 3 years of sprouting. The
primary cause of mortality in reproductive
stems is the native longhorn beetle Moneilema
semipunctatum (Cerambycidae), whose larvae
develop within S. mesae-verdae stems and
destroy the stems as they eat their way out.
Minor causes of mortality observed within the
study plots include uprooting and/or burial by
burrowing rodents, removal by western harvester ants (e.g., Pogonomyrmex, Formicidae),
and mechanical damage (e.g., livestock trampling). Seedling plants are subject to all of
these threats (except the beetle), in addition to
desiccation during the hot, dry summers.
The flowering season for S. mesae-verdae is
synchronous and short, occurring between the
last 2 weeks of April and the first 2 weeks of
May. In a study of the species’ pollination
ecology, Tepedino (1990) reported that S.
mesae-verdae is self-compatible and capable
of geitonogamous pollination and fertilization.
Within- and between-plant pollination is accomplished primarily by small native bees, and
90% of all open-pollinated flowers set seed.
Field Methods
In 1986, researchers with the Colorado
Natural Areas Program, with support from the
U.S. Fish and Wildlife Service, began a study
of S. mesae-verdae in southwestern Colorado.
The original study plan was to track cactus
mortality and reproduction for a period of 10
years. The study was extended to 20 years and
discontinued after 2005. Permits to access the
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Colorado study plots could not be obtained in
1993; therefore, no data were collected in that
year.
The 3 Colorado plots (50 × 200 m) established for this study included the densest part
of each population. All 3 plots are located on
the Ute Mountain Ute Tribal Park south of
Towaoc, Colorado; exact locations are not
reported here in deference to tribal concerns.
Transects located randomly within the plot were
sampled to estimate community composition
and cover, and soil samples were collected for
chemical and textural analysis. Every plant
located within each 50 × 200-m plot was
marked with an aluminum tag. Initial data
recorded for each stem included plot ID, tag
(plant) number, aspect (cardinal/intercardinal
direction; e.g., N, NE, E, etc., or flat), topographic position (e.g., ridgetop, mid-slope, or
gully bottom), stem origin (sprout, seedling,
or unknown), mortality year, and recruitment
year, if known.
We visited each plot once a year, as close as
possible to 1 May. During these visits we
recorded stem diameter to the nearest millimeter, stem vigor (excellent, good, fair, poor,
or dead), number of flowers or fruits and their
degree of development, and if the stem was
dead, the cause of mortality (beetle larva, desiccation, mechanical damage, or unknown).
We also recorded information about the general condition of the plot and associated vegetation, as well as whether there had been significant livestock use or vehicle trespass in the
plots.
Analysis Methods
Because we did not have sufficient data on
seed production or seed viability to construct
a projection matrix model, we estimated population parameters from the yearly counts of
plants, as recommended by Morris et al.
(1999), using the methods and notation of
Dennis et al. (1991). The population mean (μ)
and standard deviation (σ 2) were estimated by
a linear regression using transformed values of
the years in which counts were taken (x) and
the counts of plants in each year (y). Transformations are as follows: x = √year( j) – year(i)
and y = ln[N( j)/N(i)]/x for each pair. The transformed values were used to perform a linear
regression of y on x, forcing the intercept to
zero. The slope of the regression line is an
estimate of the parameter μ. The mean-square
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residual is an estimate of the parameter σ 2
(Morris et al. 1999, Dennis et al. 1991).
These calculations were then used to estimate the average value of the population
growth rate ( –λ ), as well as an approximate 95%
confidence interval for that rate. We used
spreadsheet formulas given in Morris et al.
(1999) to calculate the finite rate of increase
λ = exp[μ + 0.5σ 2] as defined in Dennis et al.
(1991). Calculations of μ, σ 2, and –λ were made
for each plot individually.
Field data from all plots were used to derive
summary descriptive information by stem and/
or by plant, including total potential reproduction (sum of all reproductive structures except
aborted flowers), number of years alive, final
diameter achieved, flowering during the study,
etc. Stems were also assigned to 1 of 4 stage
classes (seedling, prereproductive stem, reproductive adult, nonreproductive adult), and the
proportion of stems moving between classes
was calculated for each year.
We obtained monthly averages of precipitation, average temperature, maximum temperature, and minimum temperature for the period
1985–2005 at the COOP station of Teec Nos
Pos, and we calculated averages for 2- and 3month increments. We also calculated the
number of days departure from normal for the
date of first frost in each year. These values
were used in a series of pairwise comparisons
to examine possible correlation with number
of live stems, number of reproductive stems,
average stem diameter, average diameter of
reproductive stems, number of reproductive
structures, number of recruits, and numbers
of stems dying by mortality cause. Analysis
was by yearly totals across all plots.
Mortality due to beetle predation or other
factors was analyzed both by plant and by
stem, for individual plots and for the pooled
data set. A plant was considered killed by beetles if the last living stem had “beetle” listed
as cause of mortality or if the primary (large)
stem was killed by beetles and subsequent
sprouts survived 2 years or less.
RESULTS
Population Viability Analysis
All 659 plants located during the study
were used in the analysis (110 in plot 1, 219 in
plot 2, and 330 in plot 3). All 3 plots have an
average finite rate of increase ( –λ ) of at least 1,
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implying a stable population (Table 1). Confidence limits at 95%, however, indicate that
while populations in plots 2 and 3 appear to
be stable or slightly increasing, the population
of plot 1 is more likely to be slightly declining.
Population Structure and Dynamics
Thirty plants remained alive throughout
the duration of the study (6 in plot 1, 19 in
plot 2, and 5 in plot 3). Only one of these
plants remained a single stem; the remainder
generated multiple stems in response to beetle or mechanical damage. An additional 23
plants were present in both the first and last
years of the study but with one or more intervening years when no stems were observed.
In about 10% of plants, new sprouts appeared
one or more years after the apparent death of
the original stem; a few of these observations
are the result of failing to relocate a plant during a previous year. Only 16 individual stems
were present throughout the entire study.
A total of 1629 stems were measured during the study. About 35% of measured stems
originated as seedlings during the study. The
other stems represent sprouts on older stems
and stems whose exact origin was uncertain.
Over the course of the study, the number of
plants showed an overall increasing trend,
except in plot 1 (Fig. 1). Similar trends were
observed for the number of stems and the
number of recruits (seedlings and sprouts).
During the study, 569 plants were first detected
as seedlings. Of these, 209 remained alive in
2005 and 63 were 10–18 years old. The average lifespan of observed seedlings that died
before 2005 was slightly less than 3 years, but
could be as long as 16 years.
The number of stems attributed to a cactus
plant ranged from 1 to 29, with an overall
mean of just under 2.5 stems per plant. The
greatest number of live stems at a single
observation of a plant was 20. Across all plots,
however, 55% of all plants had only a single
stem during the study. Stems generally become
reproductive at approximately 2.1 cm diameter, although stems as small as 1.4 cm were
observed in flower. Reproductive stems generally produce flowers every year unless a late
freeze causes fruits to abort or extreme
drought causes the plants to remain dormant
(as in 2002). A flowering stem produces an
average of 4.6 flowers in a season, although a
large stem can produce up to 30 flowers. Over

2012]

ECOLOGY OF MESA VERDE CACTUS

315

TABLE 1. Estimated values of the population mean (μ), standard deviation (σ2), and average population growth rate (–
λ;
in bold below) from a series of counts from a population. Methods followed Dennis et al. (1991). A value of 1 for λ indicates a stable population. The study included 19 counts (18 count intervals).

Estimated μ
Estimated σ2
Approximate lower 95% confidence limit for λ
Average finite rate of increase, λ
Approximate upper 95% confidence limit for λ

Plot 1

Plot 2

Plot 3

–0.01
0.04
0.92
1.00
1.10

0.09
0.01
1.04
1.10
1.15

0.04
0.02
0.99
1.05
1.12

Fig. 1. Number of live Sclerocactus mesae-verdae plants in each year of the study by plot and overall. No data were
collected in 1993.

Fig. 2. Relationship between stem size (diameter) and reproductive effort (total number of buds, flowers, and fruits for
a stem) in a wet year (1997) and in a dry year (2002). Although larger stems typically have more flowers, in a dry year
very few stems flower, regardless of size.
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Fig. 3. Stage transition diagram for Sclerocactus mesaeverdae stems. Arrows are labeled with the average proportion of surviving stems moving between stage classes
or staying in the same class. The remaining proportion for
each stage (not shown) is stems that died.
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all study years the number of flowers produced per stem is positively correlated with
stem diameter (R2 = 0.564, P < 0.001), but
this can vary dramatically between years (Fig.
2). The number of stems that flower in a particular year is strongly negatively correlated
with the average diameter of those stems (R2
= 0.78, P < 0.001), indicating that in years
when reproduction is low, most flowering is
done by larger stems. The maximum stem
diameter observed in Colorado plots was 11.1
cm (4.3 inches), although few stems reached
this size before being killed by longhorn beetle larvae.
The average percentage of observed
seedlings surviving to the next year was more
than 60% (Fig. 3). Prereproductive and reproductive stems were most likely to remain in
the same stage class. Nonreproductive stems
had about an even chance of remaining nonflowering or dying, and they were much less
likely to return to flowering status as reproductive stems. About 35% of observed

Fig. 4. Recruitment of Sclerocactus mesae-verdae seedlings in relation to precipitation anomalies. Seedling numbers
for each year of the study are shown on the right axis, with the mean annual seedling number for the duration of the
study shown as a dashed line. Gray bars indicate departure in inches from average annual precipitation for the period of
record (by water year, from 1 October of the previous year to 30 September of the current year; scale on left axis).
Monthly anomalies are shown as black circles for April and as open squares for other months. Values above zero indicate
wetter-than-normal years or months, while negative values indicate drier-than-normal conditions.
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Fig. 5. Reproductive effort of Sclerocactus mesae-verdae plants in each year of the study by plot and overall. No data
were collected in 1993.

seedlings died before reaching the reproductive stage. The proportion of prereproductive
and reproductive stems dying each year was
generally low (≤10%), even during years when
reproduction was greatly reduced by drought.
Climate effects
Overall, monthly average precipitation for
the period 1985 to 2005 followed an annual
pattern similar to that for the entire period of
record at Teec Nos Pos (1962–2009). Average
annual precipitation anomalies (departure from
average values for the period of record) do not
explain variation in seedling recruitment (Fig.
4), but spring precipitation appears to have
some effect. Above-average numbers of seedlings were recorded in 6 years (1988, 1994,
1998, 1999, 2000, and 2004). In 5 of the 6
years, April precipitation was above average
(all but 2000, which had significant precipitation in the last few days of March). Recruitment was positively correlated with April precipitation (R2 = 0.49, P < 0.0012), but there
were no significant correlations between recruitment and precipitation in other months,
monthly average minimum temperatures, or
average first and last frost dates (P values generally >0.30). Although direct mortality due to
the severe drought of 2001–2002 was low, the
cactus responded to the drought with an
almost complete lack of flowering or fruiting
for 2 years (Fig. 5).

Beginning in 1992, average winter (Dec–
Feb) temperatures were consistently warmer
than average for the period of record. Although
no year-to-year patterns in recruitment or survival were strongly correlated with temperature, there was an overall increase in cactus
population size corresponding to the period of
warmer winter weather (Fig. 6).
Mortality
Over the course of the study, 943 (58%) of
the observed stems died (Table 2). Mortality
of entire plants was lower, accounting for 313
plants (47%). For plants, beetle predation was
clearly the primary cause of mortality (170
plants, 26%). Beetle predation was also marginally the highest factor for stem mortality
(320 stems, 20%), although drought/seedling
failure accounted for nearly the same proportion of stem deaths (305 stems, 19%). We were
unable to assign a mortality cause for 14% of
plant and 13% of stem deaths. Mortality due
to beetle predation was variable between plots
(Table 3) and between years (Fig. 7). The percentage of plants attacked by beetles and the
mortality rate of attacked stems were similar
in plots 1 and 3 but much lower in plot 2
(Table 3). In all 3 plots, larger stems were
more vulnerable to attack by beetles (Fig. 8,
Table 4). Stem mortality due to beetle attack
can have the effect of shifting the distribution
of size classes by preferentially eliminating
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Fig. 6. Number of live Sclerocactus mesae-verdae plants in relation to winter temperature. Plant numbers for each
year of the study are shown on the right axis. Dark gray bars indicate departure from average winter temperatures
(December of the previous year through February of the current year; scale on left axis) for the period of record.
Monthly anomalies are shown as open squares. Values above zero indicate warmer-than-normal winters, while negative
values indicate colder-than-normal conditions.
TABLE 2. Fate of Sclerocactus mesae-verdae plants and stems observed during the study.
Plot 1

Plot 2

Plot 3

All

110
34

219
181

330
131

659
346

38
10
7
21
76

3
10
3
22
38

129
8
14
48
199

170
28
24
91
313

288
63

677
419

664
204

1629
686

79
76
16
54
225

20
143
33
62
258

221
86
51
102
460

320
305
100
218
943

PLANTS
Total number of plants observed
Number of live plants at end of study
Plants dying during study by mortality cause
Beetle larvae
Drought/seedling failure
Mechanical damage
Unknown
Total mortality
STEMS
Total number of stems observed
Number of live stems at end of study
Stems dying during study by mortality cause
Beetle larvae
Drought/seedling failure
Mechanical damage
Unknown
Total mortality

TABLE 3. Number and percentage of Sclerocactus
mesae-verdae plants attacked and, of those attacked,
killed by beetle larvae.

Plot 1
Plot 2
Plot 3

Total

Attacked

Killed

110
219
330

52 (47%)
15 (7%)
147 (45%)

38 (73%)
3 (20%)
129 (88%)

larger reproductive stems (Fig. 9). About 20%
of beetle-damaged plants survived and produced one or more sprouts.
DISCUSSION
Because the study plots were located subjectively, the results and conclusions of this
study should be extrapolated to the entire

2012]

ECOLOGY OF MESA VERDE CACTUS

319

Fig. 7. Percentages of Sclerocactus mesae-verdae stems killed by beetle infestation for each plot over the duration of
the study. Infestation mortality peaks and decreases over several years. Plot 1 and plot 3 each experienced 2 outbreaks,
although not during same time period. Plot 2 had almost no beetle mortality.

Fig. 8. Size distribution of all Sclerocactus mesae-verdae stems killed by beetle infestation during the course of the
study for each plot. A black triangle along the axis indicates the mean size of beetle-killed stems for that plot, while an
open triangle shows the mean final size of all stems observed in the plot for comparison.
TABLE 4. Comparison of beetle-killed and non-beetle-killed stems in each plot (2-tailed t tests, unequal variances).
Plot 1
____________________
Mean diameter
n
(SD)
Beetle-killed
Non-beetle-killed
t statistic (df)
Prob. < t

79
209

4.7 (2.4)
2.5 (2.5)
6.98 (150)
9 × 10–11

Plot 2
_____________________
Mean diameter
n
(SD)
20
657

5.7 (1.1)
2.9 (2.2)
10.51 (24)
2 × 10–10

Plot 3
____________________
Mean diameter
n
(SD)
221
443

4.7 (2.0)
2.5 (1.8)
13.67 (404)
3 × 10–35
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Fig. 9. Sclerocactus mesae-verdae stem size distribution
for plot 3 before and after the beetle outbreak years of
1999–2001, showing the disproportionate effect of beetle
mortality on larger plants.

population of S. mesae-verdae only with caution. In particular, results of the population
viability analysis should be interpreted carefully. Factors that could invalidate these results
include the following: (1) the study may not
have been of sufficient duration to identify
important trends of environmentally driven
variation, (2) the study period included an extreme environmental event (the 2002 drought)
that may bias the results, or (3) the species
could be limited by available habitat, and the
ensuing density-dependent fluctuations in
population numbers would distort the calculated growth rates. Of these factors, we believe
only the first to be of any concern.
Available data showed no clear patterns
regarding which climate factors might affect
the survival and reproduction of the cacti,
other than that seedling recruitment and survival is strongly positively correlated with
April precipitation. The lack of weather station
data from the actual plot locations may hinder
our ability to detect patterns attributable to
climatic factors. We observed no correlation of
recruitment with monsoonal precipitation (July–
September) from the previous year. Since it is
unlikely that seedlings grew to 0.5 cm or
greater in the same month that they germinated, spring precipitation may be most important in ensuring the continued survival of
seedlings that germinated the previous fall.
Overall, the S. mesae-verdae population within
our study plots appears to be stable to increasing slowly, although perhaps just barely so for
plot 1 (near the northern range limit of the
species). We may, therefore, be cautiously
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optimistic about the persistence of this species
in Colorado.
There are, however, several reasons to remain concerned about the long-term persistence of S. mesae-verdae. First, the population
analysis suggests that the Colorado populations are roughly stable to increasing slowly,
but the analysis assumes current climatic conditions. Our study ended only 2 years after the
end of a record-setting drought. The almost
complete lack of flowering under drought conditions, combined with the likelihood that
seed residence time in the soil is short (Heil
1984), means that if such droughts become
more common (on the order of once every
10–20 years), recruitment of new seedlings
into the population would be severely reduced
below the already low levels. Compounding
the effect of drought is the fact that longhorn
beetle populations are most likely to expand
into non-prickly pear cactus populations in
years following a mild winter (Smith, personal
communication, 2003), as would occur during
a drought and as was observed in 2003–2004.
The second reason for concern is the
observed population structure within the
monitoring plots. Larger stems are disproportionately removed from the population by the
longhorn beetle. As Figure 2 shows, larger
plants produce most of the reproductive structures. Repeated beetle infestations in plot 3
shifted the bulk of the population from reproductive stems to nonreproductive stems and
may have reduced the ability of the population
to replace itself over the long term. Kass
(2001) reported similar results for beetle infestations of Sclerocactus wrightiae in Utah and
projected a downward trend for the population as a result of increased mortality in stems
of reproductive size.
Third, land management practices within
the study area changed over the course of the
study. In 1985, the allotments containing the
plots were used sparingly for winter cattle grazing. In about the year 2000, more spring cattle
use was allowed in the plot 2 allotment. The
allotment containing plot 1 has been used for
year-round horse pasture since at least 2003.
Damage from livestock trampling increased
over the course of the study, and by 2005 it
surpassed beetle larvae as the leading cause of
stem mortality in plot 2. Cattle and horse grazing at any time of year is detrimental to the
cactus, primarily because of direct trampling
of plants, but also because heavy animals
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traversing wet Mancos Shale displace large
amounts of soil, disrupt soil structure, and
bury seed banks. Winter sheep grazing might
be compatible, but year-round sheep grazing,
as occurs on the southern part of the species’
range, is reported to be detrimental to New
Mexico populations of the cactus (Roth, personal communication, 2004).
The value of long-term studies to determine the survivability of long-lived species
cannot be overstated. This is especially true for
species for which recruitment and mortality
events are rare and episodic. The interactions
among aridland species and their environment
are complex, and untangling them often requires volumes of data collected over many
years. Butterfield et al. (2010) noted that the
conflicting conclusions of ecological studies in
the Sonoran desert were due in great part to
their limited temporal extent. Menges (2000)
noted that many plant demographic studies
last no more than 5 years. Analysis of any 5
consecutive years of the S. mesae-verdae data
would probably have led to distorted and
widely varying estimates of population viability. In 5-year segments containing a recruitment event, the population would appear to
be increasing exponentially; likewise, in segments containing a beetle-caused mortality
event, the population would appear to be
headed rapidly toward extinction.
There are even fewer long-term demographic studies that integrate potential environmental effects on populations. In a 7-year
study, Mandujano et al. (2001) used population
matrix models to relate demographic responses
of the clonal cactus Opuntia rastrera to variations in habitat and precipitation in the Chihuahuan Desert. In a 35-year study, Bowers
(2005) was able to discern a relationship between large-scale climatic patterns associated
with the Pacific Decadal Oscillation and overall patterns of seedling establishment in the
Sonoran cactus Opuntia engelmannii. This
paper noted that while large-scale patterns
appeared to be in sync, individual populations
showed significant diversity in age structure
and density due to local factors. This raises the
distinct possibility that our inability to connect
recruitment events with precipitation patterns
may be because we are still looking into too
small a temporal window. Graphs of recruitment and mortality rates (Figs. 5, 7) suggest
larger-scale oscillations in population dynam-
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ics that might have periods on the order of
decades or centuries.
Many questions related to the ecology and
dynamics of S. mesae-verdae remain. Because
we had access to the study plots only in the
spring, we lacked data for summer seed set
and post-monsoon germination rates. A more
complete demographic data set would allow
development of a stage transition matrix
(Lefkovitch 1965) that would facilitate population projection modeling and determine the
life stages and transitions that are most important to the survival of the species.
Continuing the study for a longer period
would facilitate an analysis of seedling recruitment and longhorn beetle response to El
Niño/La Niña events and other large-scale climatic factors. A data set of longer duration
might also clarify the implications of the
changes in population structure resulting from
beetle-caused mortality. The loss of large plants
to this agent may have long-term repercussions for the population dynamics in areas
subject to frequent infestations. This is especially true because warmer winter temperatures associated with climate change might
result in more years with elevated beetle populations (Smith personal communication) and
consequent cactus mortality. In addition to
long-term demographic studies, research on
the mechanisms by which climate and microsite conditions influence the life-cycle of the
cactus is likely to become increasingly important under future climatic conditions.
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